The Effect of Flash Duration on Spectral Color-Naming by Loshin, David & Saunders, Edward
Rochester Institute of Technology 
RIT Scholar Works 
Theses 
1971 
The Effect of Flash Duration on Spectral Color-Naming 
David Loshin 
Edward Saunders 
Follow this and additional works at: https://scholarworks.rit.edu/theses 
Recommended Citation 
Loshin, David and Saunders, Edward, "The Effect of Flash Duration on Spectral Color-Naming" (1971). 
Thesis. Rochester Institute of Technology. Accessed from 
This Thesis is brought to you for free and open access by RIT Scholar Works. It has been accepted for inclusion in 
Theses by an authorized administrator of RIT Scholar Works. For more information, please contact 
ritscholarworks@rit.edu. 





A Thesis Submitted in Parital Fulfillment of the
Requirements for the Degree of Bachelor of Science
June 1971
Thesis Advisors:
Dr. Robert T. Kintz
Dr. Gerherd W0 Schumann
School of Photographic Arts and Sciences
College of Graphic Arts and Photographic
Rochester Institute of Technology




















1. Maxellian V iew Optical System 5
2. Curve Smoothing Technique 10
3. Average saturation for subjects with one standard
deviation for all durations. 15
4. Smoothed color -naming curves for average of sub
jects for all durations 16
5. Smoothed averaged saturation curves for all dur
ations 17
6. Smoothed normalized averaged saturation curves 17
7. Color -naming curves for subject 1 for all durations* ... 18
8. Color-naming curves for subject 2 for all durations. . . . 19
9. Color-naming curves for subject 3 for all durations. ... 20
10. Saturation curves for subject 1 for all durations,, 21
11. Saturation curves for subject 2 for all durations 22
12. Saturation curves for subject 3 for all durations 23
13. Normalized saturation for individuals 24
14. Absorption spectra for three types of cones in the
human eye. (Wald and Brown, 1965) 12
m
List of Tables
1. Sample Color-Naming Data , 8
2. Normalized saturation for individual and average
subjects data; 500 msec. -5 msec/500 msec. -t5 msec. ... .30
3. Normalized saturation for individual and average
subjects data; 5 sec. -500 msec/5 sec. +500 msec 30
4. Blue color -naming at 5 msec for individuals, av
erage with standard deviation 31
5. Green color-naming at 5 msec for individuals, av
erage with standard deviation 31
6. Yellow color -naming at 5 msec for individuals and
average with standard deviation 32





.. ^..ir-i* vwiui -uaiiiiiig
cn. v iiioci/, ivji liiui V lUU.cU.i> ajiu
average with standard deviation. 32
8. Blue color -naming at 500 msec, for individuals and
average with standard deviation 33
9. Green color-naming at 500 msec, for individuals and
average with standard deviation 33
10. Yellow color-naming at 500 msec for individuals and
average with standard deviation 34
11. Red color-naming at 500 msec for individuals and
average with standard deviation 34
12. Blue color-naming at 5 sec for individuals aamd
average with standard deviation 35
13. Green color-naming at 5 sec for individuals, and
average with standard deviation ., 35
14. Yellow color -naming at 5 sec for individuals and
average with standard deviation 36
iv
15. Red color -naming at 5 sec. for individuals and
average with stand deviation 36
16. Saturation at 5 msec for individuals and average
with standard deviation 37
17. Saturation at 500 msec for individuals and av
erage with standard deviation 37
18. Saturation at 5 sec for individuals and average
with standard deviation 38
Abstract
The effect of flash durations of 5 milliseconds (msec ), 500 msec ,
and 5 seconds on a color naming technique was examined in a dark-field
Maxwellian View optical system. Although the results showed variability
among three subjects in most regions of the spectrum, all subjects were
tested and showed to be part of the population for normal color perception.
Graphical interpretation was made for the average of all subjects. There
was little indication that color naming shifted, although there are indica
tions of hue purity increases with flash duration. In portions of the spec
trum there is an increase in saturation from 5 msec, to 500 msec, and
a decrease in saturation from 500 msec, to 5 sec
Introduction
Precise control of the temporal aspects of visual stimulation have
contributed significantly to our understanding of the visual mechanisms.
Much of our understanding of such phenomena as visual flicker fusion,
temporal summation, masking, metacontrast, and binocular interaction
are due to the careful experimental control of the temporal parameters
of visual stimulation (see Boynton, 1961, for an introduction to some of
these topics). Regretably, there is one particular area of visual science
where the attention paid to temporal effects has been almost completely
neglected; this is the area of research broadly known as color.
Background research reviewed lends strong support to hypothesis
concerning the role of exposure duration in the mapping of color space.
However, much of this evidence is indirect since much Of the pre
vious research has dealt with threshold judgments rather than color per
ception or appearance. The research here is intended to deal explicitly
with chromatic perception in order to examine this problem more direct
ly. One method by which this can be accomplished in an economical yet
precise way is by use of the color-naming technique, wherein the obser
ver is asked to report directly about his supra-threshold color sensation
( see Kintz, Parker , and Boynton, 1969, for a thorough description of
this technique ).
The present experiment was intended to show if the duration of ex
posure has any significant effect on color-naming.
Background
In 1957 Farnsworth reviewed three separate classes of psychophys
ical color data in an attempt to uncover a common underlying perceptual
color space. In his analysis he used the chromaticity data of Wright (1942)
and MacAdams ( 1942), along with the Munsell psychologically equal-spaced
color data as reported by the Optical Society of America subcommittee in
1943. These three sets of data were transformed to CLE. coordinates
and the degree of correspondence was examined.
It might be expected that the degree of correspondence among these
three sets of data would be minimal because of the widely differing psy
chophysical techniques and experimental situations under which they were
gathered. Indeed, this was the case until Farnsworth adopted the follow
ing simple procedura All three of the data diagrams were reproduced on
plexiglass sheets which were tilted and moved about until the best agree
ment was achieved by visual sighting. The optimal agreement was achiev
ed for all three when all were oriented along the violet-green yellow axes
and tilted so that the latter were reduced in various proportions to the red-
blue green axes. The degree of correspondence thus achieved is remark-
able, all things considered. Simple visual examination of these three pro
jections mades it clear that they are all tapping something in common.
Farnsworth then addressed himself to the question of how to account
for the systematic differences in chromaticity discrimination in the
violet-
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red-blue green dimension. In trying to answer this question he considers
a number of possible differences among the studies. These included the
number and characteristics of the observers and the conditions of obser
vation ( size and luminance of the test field, size and luminance of sur
round field, size of pupil, size of interval employed or judged). Farns
worth concluded that the only difference among the three studies was in
the temporal domain, the time of observation of the stimulus. The differ
ences in the time of observation in these studies are on the order of 300
times, a fact which led Farnsworth to specalate that differences in obser
vation time might give rise to the discrepancies among the studies and
which might'reflect important underlying differences in the time constants
of the various chromatic mechanisms. It is somewhat surprising, there
fore, that this suggestion has never been followed up by direct research
on the problem and that color vision researchers continue to treat the
temporal variables so casually in their research.
There have been, of course, previous indications that chromatic
systems behave differently in time. Bills ( 1920) has reviewed much of
the very early work and found, in her own research as well, that there
is a function of the wavelength of light used as the stimulus. Ferree and
Rand ( 1923 ) reported a somewhat similar result, finding that, for ex
posures up to 1/16 of a second, blue predominates over the other hues
while beyond this time the effectiveness of blue declines to the dominance
oi a rea sensation.
More recently Ikeda and Boynton ( 1962 ) reported a marked change
in shape in the spectral sensitivity curve for incerment thresholds of dif
fering duration. Ikeda ( 1963 ) extended these results and showed evidence
for interaction (eg. summation, probability summation, inhibition) among
chromatic mechanisms as a function of exposure duration. In a study of
temporal summation, Sperling and Jolliffe ( 1965 ) found that short wave
lengths tend to be integrated over a considerably longer time period than
those from the long wavelength end of the spectrum.
Boynton, Schafer, and Neun ( 1964) felt thaslt the spectrum could be
described adequately with four color response names; red, yellow, green,
and blue. Their belief concured with Hcring ( 19634) who felt none of these
colors contained any trace of the other three. Kintz, Parker, and Boyn
ton (1964) investigated the information transmission in spectral
color-
naming using these four responses. They concluded that a 28 category
procedure, corresponding to seven steps between adjacent hues of the
color circle is satisfactory in transfer of information in experiments of
this type.
Method
Apparatus: A single channel, 2 degree dark field, foveally viewed
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Figure 1. Maxwellian Mew Optical System
A quartz iodine lamp (G . E. 1958 ) monitored at 15 amperes, il
luminated the Bausch & Lomb interference filters used to control the
spectral composition of the light. The following 18 spectral wavelengths
were used as stimuli: 420, 439,453, 457, 469, 483, 492, 500, 519, 541,
563, 574, 584, 587, 601, 619, 639, and 658 nm. These wavelengths
were chosen as close as possible to the wavelengths that are of equal
increments of just noticeable differences representing the best equal
psychological increments (Kintz, Parker, Boynton, 1969).
The Maxwellian view optical system was modified by changing
shutters from a continuous 1/4 sec. flash every sec. (delivered by a
rotating disk driven by a constant speed motor ) for the threshold mea
surements to a Uniblitz Shutter (25mm. diameter) connected to a 3
channel solid state A. D. Data Systems timer for color -naming.
The subject, with head held in place by a dental bite, made thres
hold determinations by controlling the luminance of the test flash by
means of a switch that controlled the rotation of a neutral density wedge.
ine angular position of tne wedge was sensed by a 7 -bit binary shaft en
coder. This angular position information was transmitted to a display
panel through appropriate logic circuitry for continuous monitoring by
the experimenter.
Subjects: The three male experimenters also alternated as sub
jects for all experimentation. The Nagel Analoscope was used to teste
the subjects for color blindness to make sure of a normal color percep
tion population.
Threshold: In order to approximately equate observers, photopic
spectral sensitivity data was gathered for each subject. Average thres
hold values (position of wedge ) for each of the 18 randomly selected
wavelengths presented continuously for 1/4 sec. were collected by the
method of adjustment. Based on previous similar color -naming and
threshold experiments and on the basis that no negative argument could
be found, threshold exposure was chosen to be one quarter second every
second. According to Graham and Margaria ( 1935 ) the threshold value
is constant from . 001 to . 1 seconds making the duration not critical.
This method of adjustment involves letting the subuect adjust the lumin
ance at each wavelength so that he
'just'
does not^see any color. The
threshold data was used by the experimenter for adjusting the wedge for
the corresponding wavelength so the color -naming experiment was at
equal supra-threshold level.
Threshold Procedure: Upon refering to work done by Kohlrausch
( iy3l ;, a dark adapting period of 15 minutes for threshold measurements
was suggested and used.
Measurements of threshold were taken at each wavelength using
the following procedure:
1. Subjects dark adapts while light source stabilizes (15 min. )
2. Binary density encoder is turned on and shutter is started.
3. Cards with corresponding wavelengths of filters on them are
shuffled for randomization of wavelengths order.
4. The first interference filter is placed in mount.
5. The subject regulated circular neutral density wedge with
push button forward and reverse controlled motor until
threshold position (when the stimulus is
'just'
not seen).
6. An experimenter records position of wedge by summing
the numbers of the binary encoder.
7. The filter is replaced with the next one by the experiment
er and the next threshold value is determined by the subject.
8. This procedure (4-7) is repeated for the 18 wavelengths.
9. Once through the spectrum the procedure (3-8) was repeated
two times.
10. The threshold values were averaged and recorded.
Color-Naming: The color -naming technique used was that recom
mended by Kintz, Parker, and Boynton (1969). This technique allows
the subject to describe his chromatic sensation in terms of various pro
portions of four primaries of the hue circle, red, yellow, green, and
blue. The subject is permitted seven response categories between each
of the adjacent hues; further combinations of non-adjacent hues (eg. red-
green, blue-yellow ) are not permitted. Another response was that of sat
uration, which refers to the purity of a hue (hue is that aspect of
precep-
tion commonly called color ). Saturation is the aspect that changes most
strongly when white light is added to a monochromatic patch. This re
sponse was capable of varying from 0-7, 0 being white light and 7 being
monochromatic .
X R Y G B S
420 1 0 0 6 5
658 7 0 0 0 7
Table 1. Sample Color -Naming Data
Color-Naming Procedure: Using the subjects threshold data, thus
derived, the color -naming procedure for three flash durations was con
ducted at three log units above threshold by removing a neutral density
filter. The stimuli was self triggered by the subject, with a 1/2 sec.
delay for each of the three flash durations of 5 msec. , 500 msec. , and
5 sec.
The procedure for identifying each wavelength using the color-nam
ing technique is as follows:
1. The subject dark adapts and the light source stablizes.
2. A wavelength is selected randomly by the experimenter
and the corresponding filter is mounted.
3. The threshold neutral density value for that correspond
ing wavelength is dialed by the experimenter by reading
the encoder.
4. The observer trips the shutter and makes a determina
tion of the color and its saturation.
5. The experimenter records data and changes the filter
and corresponding neutral density on the wedge.
6. Steps 2-5 were repeated for all wavelengths.
7. Steps 1-6 were repeated for three durations.
Ten responses were received for each combination of duration
and wavelength for each subject. All wavelengths were randomly se
lected and not more than two sets of data were collected at each dura
tion in a single day.
Resu Its
The extensive data collected has been presented in graphical form
for easiest interpertation. Curves for individual subjects (Figures 7-
12) show variability from subject to subject, however, since each subject
tested postive for normal color vision and since these tests were the
basis for the acceptance of a subject, it must be assumed that each
10
subject is represented in the normal population. Thus the color -nam
ing and saturation graphs of all subjects were averaged at each dura
tion.
The average saturation curves at each duration (Figure 3) are
presented with one standard deviation confidence limits to demonstrate
the variablity among subjects. Since there was a considerable vari
ability between the subjects a curve smoothing technique was used on
the averaged data to allow a curve to be fitted through the often irreg
ular plotted points. The technique employed, as shown below, is graph
ical. A new point is generated by using the two adjacent points and
taking half of the vertical distance from a line between the adjacent
points to the original point.
s
s
Figure 2. Curve Smoothing Technique, o is orig
inal data, + is new point.
Figure 3 shows curves representing the average subject color
value vs. wavelength at the three different flash durations. The three
sets of curves show indications of some change with flash duration,
however, the change is not large. The responses do not shift in wave-
11
length, but appear to have increased in the peaks, making the responses
narrower or purer with less combinations. This is especially evident
in the yellow, where the peak is increased by two units but it is
un-
shifted.
Figure 4 is the smoothed average saturation curves that change
more significantly with duration. An increase in saturation can be seen
over almost the entire curve, with a maximum increase at 570 nm.A *
What is interesting is that there is a decrease in saturation as dura
tion increased from 500 msec to 5 sec. These changes in saturation
can be seen better in Figure 5 where the 500 msec saturation curve
was normalized to 5 msec, and the 5 sec. saturation curve was nor
malized to 500 msec.
These two curves show the change in saturation with the two
increases in duration. As the duration was first increased the sat
uration increased giving a positive normalized curve; while the nor
malized saturation curve representing the second increase in duration
is negative, meaning there was a decrease in saturation
The Figures 7-12 represent color -naming and saturation curves
for the individual subjects.
12
Discus sion
There are numerous color vision theories which attempt to ex
plain the ability to distinguish color mixture, of which, the most ac
cepted is trichromacy. The state of trichromacy implies that the vis
ual system contains three different
'color'
systems.
A simple trichromatic system would be one in which there would
be three different types of cones; each containing a different pigment
which had an overlap absorption. If the neutral system allowed the
different types of cones to send different signals for its absorption,
the individual would be trichromat. Curves which represent this ab





Figure 14. Absorption spectra for three types
of cones found in the human eye. (Wald and
Brown, 1965)
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There is no wide agreement about these cone names, however,
let us assume the names to be red absorbing, blue absorbing and green
absorbing. Since with these three cone types most colors can be de
termined and distinguished, we can establish that at 570 nm. where
the red and green overlap, one would see yellow. At this point of cross
ing one would expect an interpretation time, or time for both signals for
each cone type to be integrated. This interpretation time would slow
the response time for peception of color.
Since the data collected from this experiment is far from con
clusive, one can only assume that the peak increase in yellow with
duration may be due to this interpretation time. The decrease in sat
uration can not be explained in these terms. More experimentation is
required in psychological and physiological terms for more conclusive
interpretation.
Recommendations
The number of subjects used was based on the fact that
similar*
experiments had little variability among normal subjects and time
in which to complete the experiment was a limiting factor. The
authors recommend using more subjects when ever possible in an
attempt to lower the variability and give more assurance to some
possible effects of duration hidden by subject variability.
14
Statistical methods 01 analysis could be explored and might prove
to be helpful if properly used. Analysis by curves instead of points such
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Figure 4. Smoothed color -naming curves
for average of subjects; a) 5 msec , b)
500 TZ-Ziz.

























1 1 i I I I I I I .1 1 i I
660
Figure 5. Smoothed averaged saturation curves;
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Figure 8. Color curves for sub
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Figure i. Color-naming curves for sub
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wave Si S2 s3 average
length
*
420 .0 -.17 + .08 -.01
439 .0 -.06 + .21 + .06
453 + .02 -.02 + .18 + .06
4^7 + .05 -.07 + .35 + .01
469 + .27 + .04 + .31 + .12
483 + .02 -.26 + .13 + .02
14-92 +
.49 -.07 + .15 + .09
500 + .21
-.07 + .10 + .12
519 + .21 + .07 + .02 + .11
541 +
.15 + .17 + .06 . + .12
563 + .11 + ^57 + .43 + .36
574 + = 38 + .39 + .60 + .44
584 + .16 + .18 + .40 + .22
587 + .^9 + .12 + .30 + .20
601 + .01 + .10 .0 + .04
619 + .03 .0 -.04 .0
639 -.05 -.04 .0 -.01





wave Si s2 s3 average
length
1S
420 -.29 -.11 -.16 -.19
439 -.15 -.13 -.21 -.16
453 -.13 -.10 -.10 -.08
4^7 -.11 -.08 -.41 -.21
469 -.10 -.03 -.32 -.14
483 + .02 -.04 -.14 -.11
492 -.03 -.05 -.14 -.08
500 + .03 -.07 -.08 -.04
519 -.10 + .01 + .09 + .01
541 -.03 -.15 + .06 -.03
563 -.02 -.14 -.23 -.16
574 -.06 -.09 + .06 .0
584 -.29 -.05 + .01 -.10
587 -.15 -.05 + .10 -.03
601 + .01 -.04 -.18 -.07
619 -.06 + .09 + .04 + .02
639 .0 -.02 -.02 -.01
(r-67 -.08 + . 05 .0 -.08
Tables 2 and 3. Normalized saturation for individual
and averaged subjects data.
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4. Blue Color-Naming @ 5msec.
wave Si s2 s3 ave. std.
length dev.
420 5.1 5.4 5.5 5.3 .21
439 5*7 5.8 5.5 5.7 .15
453 5.9 6.7 6.2 6.3 .40
457 6.5 6.0 5.9 6.1 .32
469 7.0 4,3 3.1 4.8 2.00
483 6.9 2.6 3.4 4.3 2.30
492 5*7 2.7 2.2 3.5 2.00




541 .8 .4 .7 .6 .21








5. Green Color-Naming 5msec.
wave Si S? So aves std.
length dev.
2+20 ZZZ ZZZ

















Tables 4 and 5. Blue and green color -
naming at 5 msec for individuals, av






















6. Yellow Color-Naming @ 5msec,







--- --- , _-_
rrr was mm.mm. M_M rrr
457 .._.. .._. r -_- _-.
469 __ .1 .1 .l .06
483 ___ .2 ..__ .l .12
492 ___ .2 .2 .l .25
500 .4 .2 .1 .2 .15
519 1.5 .7 .6 .9 .49
541 2.0 1.2 .7 1.3 .66
563 3.2 1.1 1.2 1.8 1.40
574 6.5 4.4 4.5 5.1 1.18
584 5.4 5.0 1.3 3.9 2.26
587 4.4 4.4 1.3 3.4 1.79
601 3.2 2.7 1.5 2.5 .87




658 .7 -.5 .36
7. Red Color-Naming @ 5msec.
wave Si s2 s3 ave. std.
length dev.
420 1.9 .16 1.5 1.7 .21
439 1.3 1.0 1.5 1.3 .25
453 1.1 .3 .8 .7 .40


























































584 1.6 2.0 5*7 3.1 2.26
587 2.6 2.6 5*7 3.7 1.79
601 3.8 4.3 5*5 4.5 .87
619 5.4 5.3 6.7 5.8 .81
639 6.2 6.2 7-0 6.5 .46
658 6.3 6.5 7.0 6.6 .36
Tables 6 and 7. Yellow and red color -
naming at 5 msec, for individuals and
average with standard deviation.
33




























J S3 ave. std.
dev.
: 5.7 5.4 .2$
6.3 6.3 .15
> 6.9 6.8 15






; 1.1 1.5 .36
.7 .2 .40
Green Color-Naming @ 500msec.







469 . "~6 .9 = 5 "
483 .._ 3.3 1.8 1.7 1.65
492 3.1 4.3 3.9 3.7 .61
500 4.0 5.1 5.4 4.8 -74
519 4.8 5.0 5.4 5.0 .31
541 4.4 5.2 5.2 4.9 .46
563 3.0 2.3 3.2 2.8 .47
574 .7 .5 1.0 .7 .25
584 ___ _.. - .2 ..1 .12






* "*"""" mm* wmmmw*
Tables 8.and 9. Blue and green color-
naming at 500 msec for individuals
eud average v/ith standard deviation.
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10. Yellow Color-Naming @ 500msec.








































519 2.2 2.0 .9 1.7 .70
541 2.6 1.8 1.8 2.0 .46
563 4.0 4.7 3.8 4.1 .47
574 6.3 6.0 5.8 6.0 .25
584 6.3 5.2 6.0 5.8 *57
587 6.0 5.1 6.0 5*7 .52
601 3.0 2.6 2.1 2.6 .45
619 1.7 1.7 .8 1.4 .52
639 1.0 1.0.. .1 .7 .52
658 .5 .5 .3 .29
11. Red Color-Naming @ 500msec.




420 1.8 1.8 1.3 1.6 .29
439 .9 .5 .7 -7 .20
453 ..2 .4 .1 .2 .15































574 _ "4 .2 .2 .20




601 4.0 4.9 4.4 .4-5
619 5.3 5.3 6.2 5*6 *5Z
639 6.0 6.0 6.9 6.3 = 52
658 6.5 6.5 7.0 6.7 .29
Tables 10 and 11. Yellow and red color-
naming at 500 msec
for individuals and
average with standard deviation.
35
12. Blue Color-Naming @ 5sec.




420 5*5 5*9 6.0 5. a .26
439 6.4 6.3 6.4 6.4 .06
453 6.8 6.9 6,9 6.9 .06
457 6.8 7.0 6.9 6.9 .10
469 7.0 6.9 6.9 6.9 .06
483 3.9 5*6 5.2 4,9 .89
492 3*8 3.3 2.3 3.1 >76
500 .9 1.7 1.4 1.3 .40



























































13. Green Color-Naming @; 5sec.
wave c>i c>2 "^3
ave. s"ca.
Length dey.
469 - .1 -.1 *6
483 3.1 1.4 1.8 2.1 .89
492 3.2 3.7 4.7 3.9 *76
500 4.5 5.3 5*6 5*1 .57
519 4.0 5.6 6.6 5.4 1.31
541 4.5 5.8 6.4 5.6 .97
563 3.0 4.2 6.4 4.5 1.72
574 .1 1.0 1.5 .9 .71
584 .1 .1 .06
Tables 12 and 13. Blue and green
color-naming values at 5 sec. for
individuals and average with stand
ard deviation.
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14t Xellovi Color-Naming @ 5sec.








500 1.6 - ~,__
.5 .92
51Q 3.0 1.3 .1 1.5 1.45
541 2.5 1.2 .1 1.3 1.20




584 6.2 5.3 6.0 .59
587 5.6 6.0 6.3 6.0 .35
601 2.6 2.9 .9 2.1 1.08
619 1.6 1.5 .3 1.1 .72
639 1.0 .4 .47 .59
658 .6 .2 6.3 .3 .26





420 1.5 1.1 1.0 1.2 .26
439 .6 .7 .6 .6 .06
453 .2 .1 .1 .1 .06

















































584 .8 .7 .5 .7 .15
587 1.4 1.0 ,7 1.0 .35
601 4.4 4.1 6.1 4.9 1.07
619 5.4 5*5 6.7 I'9 .72
639 6.0 7*0 6.6 6.5 .50
658 6.4 6.8 6.9 6.7 .26
Tables 14 and 15. Yellow and red
color -naming values
at 5 sec. for
individuals and average with stand
ard deviation.
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16. Saturation @ 5msec,
wave si s2 s3 ave. std.
length dev.
420 3.8 4.8 4.7 .90
439 4.2 5*5 4.4 4.7 ,70
453 4.7 5*5 4.7 5.0 .46
457 4.6 5.2 3.1 4.3 1.08
469 3.0 4.8 3.1 3.6 1.01
483 4.0 4.9 4.6 4.5 .46
492 2.9 5.3 4.2 4.1 1.20
500 2.8 4.2 4.5 3.8 .91
519 3.2 4.3 4.2 3.9 .61
541 3.3 3.2 4.2 3.6 .55
563 3.5 1.4 1.9 2.3 1.10
574 2.2 2.5 1.1 1.9 ,74




601 4.2 4.4 4.3 .12
619 5*5 4.3 5.9 5.2 .83
639 5*9 5.9 6*7 6.2 .46
658 6.0 5.9 6.5 6.1 .32
17. Saturation. @ 500msec .
wave Si s2 S3 ave. std.
length dev.
420 3.8 3.4 6.5 "4.6 "T.'40
439 4.2 4.9 6.7 5.3 1.29
453 4.9 5.3 6.7 5*6 ?95
457 5.1 4.5 6.5 5.4 1.03
469 5.2 5.2 5*9 5.4 .40
483 4.2 2.9 6.0 4.4 1.56
492 4.5 4.6 5*7 4.9 .67
500 4.3 4.8 5*6 4.9 .66
519 4.9 4.9 4.9 4.9 .00
541 4.5 4.5 4.7 4.6 .12
563 4.4 5-2 4.8 4.8 .40
574 5.0 5.7 4.4 5.0 *65
584 5.8 5*7 4.6 5.4 .67
587 5*6 5.4 4.7 5.2 .47
601 4.3 5.3 4.4 4.7 .55
619 5,8 4.3 I'5 5.2 .79
633 5-3 5*5 6.7 5.8 .76
658 6.2 5*3 6.8 6.1 *76
Tables 16 and 17 Saturation at 5 msec
and 500 msec for individuals and av-
standard deviation.>' 'A \. J. t-i
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18. Saturation @ 5sec.




420 2.1 2*6 4.7 3.1 1.40
439 3.1 3.9 4.4 3.8 .66
453 3.8 5.2 5*5 4.8 .91
457 4.1 3.8 2.7 3.5 .74
469 4.3 4.9 3.0 4.1 .97
483 4.4 1.7 4.5 3.5 1.60
492 4,2 4.2 4.3 4.2 .01
500 4.6 4.2. 4.6 4.5 .23
519 4.0 5.0 5.9 5.0 .95
541 4.2 3.3 5.3 4.3 1.00
563 4.2 3.8 2.6 3.5 .83
574 4.4 5*6 5.0 5.0 .60
584 3.4 5*2 4.7 4.4 = 93
587 4.2 4.9 5.6 4.9 .70
601 4.4 4.9 3.1 4.1 .93
619 5.1 5.2 6.0 5.4 ^50
639 5.3 5.3 6.5 5*7 .69
658 5.3 5.9 6.9 6.0 .81
Table 18. Saturation at 5 sec for
individuals and average with stand
ard deviation.
